To make an evidence-based evaluation of the relation-
Introduction
In a landmark publication in 1974, Lindner et al. [1] first pointed out that patients treated by chronic renal replacement therapy are exposed to cardiovascular problems and suffer from accelerated and severe atheromatosis. More recently, the extent of the problem was re-emphasized by Foley et al. [2] . According to these authors, already a 5-fold increase in cardiovascular mortality risk is present in dialysis patients older than 75 years, but, more importantly, cardiovascular mortality is increased approximately 375 times in patients aged between 25 and 35 years [2] . In young adults dialysed for several years during childhood or adolescence, an exceptionally high prevalence of coronary calcifications is found for their age range [3] . In stage 5 chronic kidney disease (CKD) (endstage), the overall risk for stroke increases 6-fold [4] . In patients with chronic kidney dysfunction, cardiovascular disease (CVD) is twice as common as in the general population and it advances at twice the rate [5] . In an essentially non-dialysed population from the UK with a serum creatinine (SCrea) !1.7 mg/dl (!150 mmol/l), standardized mortality was increased 2-fold vs the general population in those aged >65 years, 12-fold between the ages of 50 and 64 and even 36-fold between the ages of 16 and 49 [6] .
Cardiac events in the dialysis population are characterized by a substantial mortality [7] [8] [9] . The expected remaining life time is shortened by !50% [10] . Life expectancy at the start of dialysis is comparable to, if not worse than, that of many cancers at the time of their diagnosis [11] . Even after successful revascularization for peripheral vascular disease, local recurrence rate is high and early [12] .
These observations have an important socioeconomic impact. In a multivariate analysis in dialysis patients, angina and peripheral vascular disease were among the most prominent reasons for hospitalization [13] . By the end of 2001, the dialysis population worldwide consisted of close to 1 500 000 patients [14] , while it increases by !7% each year [14] . End-stage renal disease (ESRD) treatment is expected to cover, worldwide, 2 million patients in 2005 and 2.5 million in 2010. Even if these are seemingly small patient groups, the costs of dialysis, especially if indirect (hidden) costs related to the cardiovascular complications are included, make the socio-economic burden dramatic. More importantly, however, the problem starts long before dialysis is needed and this extends the population at risk !100-fold [15] (see below).
Our present study showed that (i) in the presence of an increased SCrea or a decreased glomerular filtration rate (GFR), morbidity and mortality because of CVD are markedly increased and vascular degradation is accelerated; (ii) the process of cardiovascular damage starts very early during progression in welldefined CKD, long before the dialysis stage is reached; (iii) the link between kidney dysfunction and CVD is an important global epidemiological entity with an extent comparable to the link observed between CVD and diabetes mellitus; (iv) apart from traditional cardiovascular risk factors, non-traditional factors specifically related to kidney failure per se, are very likely to play a causative role; (v) adequate preventive measures against CVD should be started early during the natural history of kidney dysfunction, but their application is hampered by the incorrect interpretation of renal function parameters, the delayed identification of kidney failure and the (too) late referral of patients with kidney dysfunction.
The primary aim of the present study was to offer a broad review of available studies referring to an enhanced cardiovascular risk in chronic renal failure patients. The second aim was to define at which stage of renal dysfunction cardiovascular problems were at first perceived.
Subjects and methods
To appreciate the relationship between changes in parameters of kidney function and cardiovascular risk, a literature search (PubMed) was undertaken with as keywords: 'cardio-vascular or cardiovascular or vascular or atheromatosis or atherosclerosis or atherogenesis or arteriosclerosis or stroke or outcome or survival or mortality' on one hand and 'renal or kidney or uremia or uraemia' on the other. This search was repeated at regular intervals (every 3 months) to update the database, with 31 December 2003 as final publication date for inclusion. In addition, the reference list of the retrieved publications was screened in order to add further missing publications to the database. This approach finally emanated in the retrieval of 85 publications, covering the period 1986-2003 (18 years in total) .
The issue of kidney dysfunction as a cardiovascular risk marker was underscored recently in a comprehensive statement [16] . Another recent publication was restricted to reports published in 2003 [17] . Two seminal reviews reported on, respectively, 19 and 16 publications that are included in the present survey [18, 19] . The present review extends the previous work by an almost complete retrieval of publications resulting in the identification of 40 additional references [6, .
The retrieval was limited to studies containing at least one population with renal failure which was not yet on dialysis.
In order to avoid selection bias, we intentionally opted to include all retrieved studies, such as (I) studies using renal function as a continuous variable; (II) studies using sCrea as an index of renal function; (III) studies not adjusting for other cardiovascular risk factors; (IV) studies with overall mortality rather than cardiovascular mortality as an endpoint. All these characteristics are specified in Tables 1-3. Likewise, no selection of cardiovascular endpoints was pursued and studies were included based on all possible endpoints, such as stroke, transient ischaemic attacks, myocardial infarction; coronary heart disease; unstable angina; coronary intervention (both surgical or percutaneous); admission to the coronary unit; vascular stenosis; atheroembolic disease; and cardiac death.
Studies were classified according to whether they had been conducted in patients with proven CVD, hypertension or chronic heart failure. Studies conducted in the elderly (>65 years old) were classified separately if patients were selected because of this age rather than because of one of the abovementioned other risk factors together with age. A last separate set of studies was defined as having been undertaken in entirely unselected populations. These were still subdivided in two separate subgroups, one in known chronic renal failure patients and one based on one single renal function determination.
The primary endpoints of the studies contained in this survey are cardiovascular morbidity and mortality as well as overall mortality; in studies evaluating overall and cardiovascular mortality together, both showed remarkably parallel trends [47, 55, [59] [60] [61] [62] [63] [64] [65] . Those studies specifically focusing on cardiovascular morbidity or mortality are highlighted in bold in the corresponding tables (Tables 1-3) .
Studies with as endpoints non-cardiovascular events or events only partially or indirectly related to CVD [66] [67] [68] [69] [70] [71] [72] [73] [74] [75] [76] [77] [78] [79] and studies in transplant recipients were excluded [80] [81] [82] , although also these studies convincingly pointed to a relation with kidney dysfunction (17 studies covering 366 720 subjects). The following were considered as only partially or indirectly related to CVD: ventilation time, length of stay in the coronary care unit, post-operative stay, need for blood transfusion, bleeding, overall adverse events, cardiac arrhythmia or immediate in-hospital mortality following vascular surgery or intervention, acute coronary syndrome, general or heart valve surgery or admission to the coronary care unit.
Studies on the relationship of proteinuria/albuminuria with CVD [83] were also considered to be beyond the scope of this survey, although such a relationship is increasingly being recognized [16] .
For those studies determining relative mortality risk (RR) in function of GFR, those two factors were correlated with each other in a separate analysis. A separated regression analysis was undertaken for those studies in which RR was close to 1 and in those with an overt increased mortality. The confluence point of the two regression lines was plotted. Data referring to clearance analysis by Cockroft and Gault or by the modification of diet in renal disease (MDRD) formula and data from studies in which adjustments were made for other cardiovascular risk factors were identified by specific symbols and analysed separately. Data from 24 studies were submitted to this analysis.
It should be realized that there are a number of limitations to our present approach, such as the unlimited introduction of publications into the database without selection and the descriptive aim pursuing an encyclopaedic listing of related studies rather than aiming at an in-depth pathophysiological interpretation of the reported data. Furthermore, the approach did not follow the rigid conditions requested for a meta-analysis. STR, stroke; MI, myocardial infarction; CHD, coronary heart disease, unstable angina; CCU, admission to the coronary unit; CI, coronary intervention (both CABG and PCI); CP, chest pain; RAS, renal artery stenosis; OAD, occlusive arterial disease; AERD, atheroembolic renal disease.
*-***Both studies were undertaken in the same population or database (*Cooperative Cardiovascular Project; **Henry Ford Hospital Cardiac Intensive Care Unit Database; ***Intermountain Heart Study). Only the study with the highest number of patients is taken into account for calculating the total number of analysed subjects; the omitted numbers are cited in square brackets. Studies in bold have a cardiovascular endpoint.
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Results
Studies in populations selected on the presence of proven CVD Data are presented in Table 1 . In this section, 40 studies are included, representing 425 312 patients [32] [33] [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [52] [53] [54] [55] [56] [57] [59] [60] [61] [84] [85] [86] [87] [88] [89] [90] [91] [92] [93] [94] [95] [96] [97] [98] [99] [100] [101] [102] . Of these studies, 19/40 (47.5%) had overall mortality as an endpoint, compared with 21/40 (52.5%) studies with cardiovascular morbidity or mortality as an endpoint. The cardiovascular conditions used to define this population were coronary heart disease in nine studies (22.5%), myocardial infarction in 10 studies (25.0%), percutaneous coronary intervention (PCI) in eight studies (20.0%), post-coronary angiography (PCA) in three studies (7.5%), admission in the coronary care unit and coronary intervention [both PCI and coronary artery bypass graft (CABG)], each in two studies (5.0%), and renal artery stenosis, chest pain, occlusive arterial disease, atheroembolic renal disease, left CABG and stroke, each in one study (2.5%).
Considering these studies together, median age was 64 years (range: 51-77 years) and median follow-up time was 3 years (range: 0.1-8.3 years). The median cut-off value of renal function linked to an increased cardiovascular risk was 60.0 ml/min for GFR or one of its surrogates (calculations according to Cockroft and Gault or one of the MDRD formulae) (highest value: 90.0 ml/min) [39] and 1.47 mg/dl (131.3 mmol/l) for HT, hypertension; DM, diabetes mellitus; CHF, chronic heart failure; LVD, left ventricular dysfunction.
*Both studies were undertaken in the same population or database (SOLVD). **All six studies were undertaken in the same population or database (Cardiovascular Health Study). Only the study with the highest number of patients is taken into account for calculating the total number of analysed subjects; the omitted numbers are cited in square brackets. The study by Szczech et al.
[59] as well as the study conducted by the Heart Protection Study Collaborative Group [43] evaluated patients with and without diabetes mellitus separately, but showed parameters of kidney failure to be a discriminating factor in both arms.
This section contains five study populations including more than 20 000 subjects, all convincingly underscoring a link of signs of enhanced cardiovascular damage with parameters corresponding to a decrease of renal function [34, 43, 60, 90, 100] . Two of these studies contained more than 100 000 subjects, but were conducted in the same study population [34, 100] .
Studies in populations selected on the presence of at least one traditional cardiovascular risk factor, including old age, or of chronic heart failure Data are presented in Table 2 .
In this section, 31 studies are included, representing 87 505 patients [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [44] [45] [46] [47] [62] [63] [64] [65] [103] [104] [105] [106] [107] [108] [109] [110] [111] [112] [113] . Table 2 is subdivided into three sections: (A) patients selected because of the presence of at least one cardiovascular risk factor (either hypertension or diabetes mellitus) (10 studies in 62 771 subjects; respectively, two and eight studies with diabetes and hypertension as determinant); (B) patients selected because of the presence of chronic heart failure or left ventricular dysfunction (13 studies in 18 262 subjects); and (C) patients selected because of old age (eight studies in 6472 subjects). Aged patients were confined to this part of the survey (corresponding to section C of Table 2 ) if no additional selection criterion was present. In Table 1 and sections A and B of Table 2 , patient groups of similar old age are considered, but in these studies, patients were selected in addition because of the presence of at least one vessel lesion, one cardiovascular risk factor or chronic heart failure [22, [25] [26] [27] 29, 31, 34, 35, 37, 54, 55, 60, 86, 89, 91, [93] [94] [95] [96] 99, 100, 105, 108, 110] .
Of the 31 studies contained in this section, 16/31 (51.6%) had overall mortality as an endpoint, compared with 15/31 (48.4%) studies with cardiovascular morbidity or mortality as an endpoint. Considering these studies together, median age was 66.0 years v significant relation disappeared after adjustment for traditional risk factors. *All three studies were undertaken in the same population or database (ARIC). Only the study with the highest number of patients is taken into account for calculating the total number of analysed subjects; the omitted numbers are cited in square brackets. Studies in bold have a cardiovascular endpoint.
(range: 39-77 years) and median follow-up time was 3.9 years (range: 0.4-10.0 years). The median cut-off value of renal function for showing increased cardiovascular risk was 63.9 ml/min for GFR or one of its surrogates (highest value: 90.0 ml/min) [65] To the best of our knowledge, the very first study to describe a relationship between parameters of kidney function and CVD is included in this section and was published by Bulpitt et al. in 1986 [20] .
The largest population in this section was reported by Ruilope et al. In the study by Opasich et al.
[28], patients with chronic congestive heart failure and a SCrea >2.5 mg/dl (>220 mmol/l) had a markedly higher mortality. This is the only study in this section where the difference in mortality was not significant, possibly because of the low number of patients with parameters corresponding to kidney failure (2.8% of the population; n ¼ 93).
Studies in unselected populations
Data are presented in Table 3 .
In this section, 14 studies are included, representing a total of 39 441 patients [6, [48] [49] [50] [51] 58, [114] [115] [116] [117] [118] [119] [120] [121] . Of note, in all studies reported in Tables 1 and 2 and in seven of the 14 studies in Table 3 , the enrolment in different strata is based on a single determination of SCrea, GFR or surrogate of GFR. These levels do not necessarily correspond to different degrees of severity of chronic kidney dysfunction, as they might have been influenced by instant factors, such as (de)hydratation, drug intake (non-steroidal anti-inflammatory drugs or angiotensinconverting enzyme inhibitors), recent radio-contrast investigations, etc. The seven studies of this type in Table 3 are classified under 'kidney dysfunction not defined' (35 214 subjects). Six studies covering 4227 subjects are based on defined CKD and are considered separately [6, [48] [49] [50] 120, 121] .
Considering these studies together, the median age of the patients was 55.5 years (range: 50-65 years) (i.e. markedly younger than in the previous sections A and B) and the median follow-up time was 9.85 years (range: 5.4-16.1 years) (i.e. markedly longer than in the previous sections). The median cut-off value of renal function linked to increased cardiovascular risk was 72.2 ml/min for GFR or one of its surrogates (highest value: 90.0 ml/min) [117, 119] In the study by Culleton et al. [115] , an impact of mild changes in renal function parameters on overall mortality was found only in men. This partial gender-related lack of significance might, in part, be attributed to the small number of patients with renal dysfunction in the gender strata (n ¼ 270 for women).
Garg et al. [116] undertook an analysis of the data from the first National Health and Nutrition Examination Study (NHANES I) in 2352 adults. The hazard ratio related to moderate indices of kidney failure lost significance after correction for traditional risk factors. This is the only study included in the present survey, where a loss of significance after adjustment is observed.
When in more recent studies GFR was used as a renal function index, a relation of cardiovascular risk with kidney failure parameters was corroborated each time [117] [118] [119] .
Also in the study by Abramson et al.
[51], GFRdefined chronic renal failure resulted in a higher incidence of stroke, but most strikingly if combined with anaemia. Similar results were published, based on the same population, for risk of coronary events [58] . Of note, in at least four other studies, however, adjustment for anaemia did not neutralize the statistical weight of renal failure [47, 54, 65, 85] .
Overall summary of the data
Overall, 552 258 subjects were considered in 85 studies. All studies based on larger population sizes (>5000 subjects) [20,30,34,43,47,51,58,60,62,63,85,88,90-93, 99, 100,103,105,111-114,117,119] and/or based on adequate parameters of kidney function (GFR) [20, 23, 24, 29, 30, [37] [38] [39] [40] [41] 44, 46, [48] [49] [50] [51] [52] [53] [54] [55] [56] 60, 62, 64, 65, 85, 87, 91, 92, 94, 96, [98] [99] [100] 103, 104, 107, 113, [117] [118] [119] 121] showed a significant relationship between the markers of renal dysfunction and overall mortality and/or cardiovascular morbidity or mortality.
One of the most relevant findings of this analysis is that the increase in cardiovascular risk occurs very early during the evolution of chronic renal failure (Figure 1) , irrespective of the method of determination of renal function.
In 40 studies (Table 1) , subjects were selected because of the presence of at least one cardiovascular abnormality, whereas in 31 other studies (Table 2) , subjects were selected because of the presence of at least one traditional risk factor, including old age, or chronic heart failure. One might argue that this type of selection does not relate to kidney dysfunction per se. Of note, however, most of the patients attending nephrology clinics have similar comorbidities. In addition, results were similar in 14 studies in unselected populations (Table 3) . In these populations, the hidden presence of the above-mentioned risk factors is not excluded, however. The results in these low cardiovascular risk populations with well-defined CKD point in the same direction of enhanced risk related to kidney dysfunction as the studies in the remaining populations. However, the link is somewhat less straightforward.
It is of note that studies from all over the world came to the same conclusion. In addition to Europe and Northern America, which are the most common geographical areas where this type of study is conducted, reports from China [31], Israel [46] and New Zealand [32] are also included. Hence, the relation between kidney dysfunction and cardiovascular risk seems to be universal.
Some of the enclosed studies were not undertaken primarily to evaluate the connection between kidney dysfunction and cardiovascular problems, but were e.g. evaluations of drug effects, which amongst other elements contained a comparison between patients with and without kidney dysfunction [20-22, 26,28,33,34,37,43] . Also, these studies came to the same conclusions as those specifically considering the relationship of kidney dysfunction and cardiovascular risk.
It might be argued that even if in total more than 550 000 subjects were considered in the 85 publications reported, the fraction of patients with kidney dysfunction contained in these studies might be much smaller, if not irrelevant. For that reason, the specific number of subjects with parameters corresponding to kidney dysfunction was also considered. For this subanalysis, overall, data from 74 studies were available. Among those, 26% of subjects in total conformed with preset parameters corresponding to kidney dysfunction, defined as the stratum or the sum of strata characterized by a higher sCrea and/or a lower GFR than the reference (control) group. If we accept that the vast majority of these study populations are recruited among subjects with at least one known cardiovascular problem [Tables 1 and 2 (section B) ] or cardiovascular risk factor (Table 2 , sections A and C), it might be hypothesized from the above that approximately onequarter of these populations additionally suffer from a certain degree of renal dysfunction which only adds to their cardiovascular risk.
Of note, 71 of the 85 studies under consideration were adjusted for other cardiovascular risk factors. In only one study was the significant weight of renal failure lost [116] .
Discussion
Our present study showed that (i) in the presence of an increased SCrea or a decreased GFR, morbidity and mortality because of CVD are markedly increased and vascular degradation is accelerated; (ii) the process of cardiovascular damage starts very early during progression in well-defined CKD, long before the dialysis stage is reached; (iii) the link between kidney dysfunction and CVD is an important global epidemiological entity with an extent comparable to the link observed between CVD and diabetes mellitus; (iv) apart from traditional cardiovascular risk factors, nontraditional factors specifically related to kidney failure per se, are very likely to play a causative role; and (v) adequate preventive measures against CVD should be started early during the natural history of kidney dysfunction, but their application is hampered by the incorrect interpretation of renal function parameters, the delayed identification of kidney failure and the (too) late referral of patients with kidney dysfunction.
Methodological considerations regarding the analysed literature
A substantial proportion of the cited studies are posthoc analyses of interventional trials or observational studies. In this section, methodological aspects related to study design and choice of outcome variables are discussed. These more likely obscured or weakened rather than amplified the association of impaired renal function with CVD.
Retrospective analyses of the effect of a variable (in this case a renal function parameter) on the endpoints are generally underpowered, because these studies were not designed to detect such effects. Since renal failure per se enhances certain traditional risk factors, adjusted risks or hazard ratios may overcorrect Studies using the MDRD formula are indicated by the closed squares and unadjusted studies by the crosses. Two different parts of the graph can be identified clearly: one constituted of those points related to an increased mortality (which are associated with a lower renal function) and those with a RR of mortality close to 1 (which are associated with a nearly normal renal function). Both clusters follow a linear distribution. The linear regression has been calculated separately for these two areas of the graph and the regression lines plotted [respectively:
The confluence point of the obtained regression lines represents the level at which a change in the slope is observed: to a given decrease in GFR corresponds a higher increase in RR mortality. This threshold point corresponds to a GFR of 75 ml/min, supporting the results reported in the publications analysed and indicating that an intensive follow-up and prevention of CVD should be aimed at very early when renal function decays. Recalculation of the threshold points with only studies based on Cockroft and Gault, or only with adjusted studies, also resulted in values between 74 and 76 ml/min.
for these factors and equally will underestimate a true relationship.
In most studies, a single determination of a surrogate marker for GFR is studied. A well-known problem with single determinations is regression dilution bias, a statistical phenomenon whereby the extreme values of high and low GFR (or surrogates) are more likely to over-or underestimate the real values; thus, once more attenuating the relationship of increasing cardiovascular risk with decreasing renal function. The frequently used surrogate markers for GFR, such as sCrea, may be increased by multiple instant factors, whereas an artefactual decrease is rare and in essence only related to spurious cases of fluid overload. This unequal distribution of errors may increase the scatter in the relationship with cardiovascular risk. Attempts to overcome this problem by calculating GFR causes the difficulty that known cardiovascular risk factors, such as age, weight and gender, are included a second time as predictor variables, so that the use of classical multivariate methods probably overcorrects for these factors. Categorization (renal failure or not) of a continuous variable (GFR) generally further decreases the power to detect a relationship with the outcome variable. Additionally, most studies a priori assume a linear relationship between GFR and CVD risk. The lack of exploration of non-linear relationships and interactions between chronic renal failure and other factors may result in a larger scatter (and weaker relationship) of the data when fitting the statistical model.
It is known that creatinine values vary across clinical laboratories and that all estimates of GFR from creatinine equations (Cockroft and Gault or MDRD formula) result in biased estimates if the sCrea assay used in a specific study is calibrated differently from that in the study which validated the method for estimating GFR. Systematic bias is relatively unimportant in investigations of the relationship between CVD and renal function within a study, but hampers comparison across studies and limits the interpretation of specific GFR cut-off points.
In addition, it should be realized that, apart from these drawbacks, sCrea is only a crude index of renal function and that GFR values, even if calculated, are more valid. For that reason, the method of renal function estimation was clearly specified in the tables. Studies based on sCrea were not excluded, however, to avoid selection bias (see 'Subjects and methods').
Studies considering mortality instead of cardiovascular morbidity as the endpoint may also lose power to detect a relationship, since mortality rates are much lower than cardiovascular incidence rates. Moreover, when all-cause mortality is considered rather than cardiovascular mortality, the relationship may become blurred by non-cardiovascular deaths.
Altogether, multiple aspects related to methodological design may influence the results in a way that they tend to weaken rather than strengthen the relationship between renal dysfunction and CVD. That such a strong relationship is nevertheless found only further corroborates the impact of this pathophysiological association.
Practical epidemiological considerations
After it had been established that dialysis patients are prone to accelerated atheromatosis [1], it has been suggested more recently that the cardiovascular system becomes affected in renal failure well before the stage of dialysis is reached [122] . This suggestion is strongly corroborated by this present survey. The smallest impairments in renal function associated with a significant increase in cardiovascular risk are a GFR of 90 ml/min/1.73 m 2 [39, 65, 117, 119] and a sCrea of 0.90 mg/dl (80 mmol/l) (Figure 1) [31, 45, 61] . The median cut-off GFR in each of Tables 1-3 was situated at !60 ml/min/1.73 m 2 , which corresponds to a loss of kidney function by a maximum 50%.
This problem of cardiovascular risk associated with kidney dysfunction, hence, affects a larger section of the general population than until recently suspected (Table 4) . Based on recent data collected in the United States, $4.7% of the overall population suffers from a deterioration of GFR by !50% [123] . The vast majority of those (92%) has a GFR between 60 and 30 ml/min (CKD stage 3), of whom >90% are nondiabetics [123] . One should be careful with extrapolating these data from the USA to the rest of the world, but, unfortunately, to the best of our knowledge, no data from outside the USA are available as yet. However, even if the number of patients at risk would be substantially lower outside the USA, which is rather unlikely, the group size of potentially affected individuals seems to be not much different from those attributed to diabetes mellitus [124, 125] . In spite of this, the cardiovascular risk associated with kidney dysfunction is not always recognized as such by society and even not by the nephrological community. Extending this problem to a population which is much larger than the group currently treated by dialysis also extends the socio-economic implications (Table 4) and underscores the urgent need for intervention to detect kidney dysfunction and to intensify the management of CVD when it is present.
Most patients with kidney dysfunction also bear one or more traditional cardiovascular risk factors and a major pathophysiological role might be attributed to these factors [126, 127] . They undeniably have a negative clinical impact and should, if possible, be treated appropriately. In several correlation analyses, however, the statistical weight of traditional risk factors was weak to absent [50, 105, 128, 129] . While submitting the uraemia population to a Framingham risk analysis, the real observed risk is far greater than the calculated one based on the traditional risk factors [121, 128, 130, 131] , which hardly differs from the risk in the general population [121, 128, 131] . Statistical adjustment for a host of comorbid factors in 71 studies does not neutralize the relation of cardiovascular risk with renal failure [6,20,23,24,26-35,38,40-42, 44-48,51-65,85,87-115,117-119] .
The risk factors which were most frequently adjusted were age (69/71 studies), gender (56), diabetes mellitus (55), vascular disease (52), blood pressure (49), left ventricular dysfunction (49), medication (39), smoking (36) and lipid status (32). Therefore, it is likely that non-traditional risk factors (as yet identified as well as non-identified) are at play as well.
Prominent candidates in such a role are uraemic retention solutes [128] , which accumulate because the kidneys fail to eliminate them. Their accumulation in kidney failure might impose a mechanistically similar damaging effect as the one provoked by glycation products in diabetes [132] . Interestingly, several supportive studies suggest a relation between uraemic retention solutes and CVD: oxidative stress products [133] [134] [135] [136] [137] [48, [149] [150] [151] [152] [153] [154] . Also, sympathetic overactivity plays a prominent pathophysiological role [155] .
However, at present, the evaluation of the factors responsible for increased CVD is far from complete and has been concentrated on those factors that had already been incriminated in the general population. It seems very much appropriate to extend our studies to those factors specific for renal failure. Recently identified but until then unsuspected compounds, such as phenylacetic acid, indoxyl sulphate, guanidine, methylguanidine, guanidinosuccinic acid, guanidinoacetic acid and p-cresol [156] [157] [158] , underscore that many responsible compounds might have, as yet, gone unrecognized. Therefore, a more systematic evaluation and classification of known uraemic solutes [159] should be undertaken, to allow the development of more directed therapeutic approaches.
This review was conducted to make an objective evaluation in how many available studies in the literature the link between kidney dysfunction and CVD was confirmed. Confirmation was obtained from 85 studies covering more than 550 000 subjects, clearly showing this relationship, independent of geographic or ethnic factors. Differences in cardiovascular risk are already present at the very early phase of renal impairment; those can only be detected by sensitive methods of renal function assessment (GFR), which are therefore necessary and fully justified.
The epidemiological features observed bring this problem to the highest level of importance, along with other major conditions, such as diabetes mellitus and hypertension.
Much remains to be done, however, to improve the prevention of CVD associated with renal failure. The main aspects, with a predictable positive impact, that require our particular attention include: a. Sensibilization regarding the problem and improvement of the awareness about its existence. b. Inclusion in the follow-up of patients with cardiovascular risk of sensitive parameters assessing renal function and in patients with kidney dysfunction of parameters of cardiovascular risk. c. Improvement of the interpretation of parameters of kidney (dys)function. d. Sensibilization of the general population and general practitioners and improvement of collaboration between all healthcare providers to facilitate a timely referral of these patients to the nephrologist. e. Application of the rules of secondary prevention in the presence of even moderate renal dysfunction.
